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Objective. Tractor rollovers are a major cause of farm injuries and fatalities.
The authors used data from a statewide surveillance study to estimate the
prevalence of safety features such as rollover protective structures, seat
belts, and power take-off shields on farm tractors in Kentucky.
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Methods. Using data from the Farm Family Health and Hazard Surveillance
Project, the authors report on the prevalence of farm tractor safety features
by size of farm, by region of the state, by number of tractors per farm, and
by tractor age and estimate the prevalence of tractors equipped with
rollover protection by region and for the state as a whole.
Results. Of the estimated 85,446 family-owned farms in Kentucky with at
least one tractor, an estimated 55.6%, or 47,5 1 5 farms, do not have a tractor equipped with a rollover protective structure. Few tractors that are I0
years old or older were found to be equipped with seat belts; no tractors
that were more than 20 years old were equipped with seat belts.
Conclusions. Kentucky, with an estimated 25 to 30 tractor-related fatalities
each year, may contribute up to 20% of the total number of farm tractor
fatalities in the nation. The overall prevalence of rollover protective structures on tractors in Kentucky is lower than estimates for other states as
reported in national survey data. The study's findings suggest the need to
target smaller farms with one or two tractors for retrofitting of rollover
protective structures and for tractor safety programs.
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mong agricultural hazards, the farm tractor
has been associated consistently with the
greatest number of farm fatalities.'"3 The
National Safety Council recently reported
an overall tractor fatality rate of 8.2 deaths
per 100,000 tractors.3 Farm tractors account for
between 150 and 300 deaths annually across the nation,
with approximately 50% of these deaths due to overturns.4 Tractor overturn has been documented as the
most common cause of injury death in the agricultural
industry.f57 One of the goals of Healthy People 2000 is to
reduce the farm worker fatality rate, and focusing attention on the hazards associated with the operation of the
farm tractor should help achieve this goal.8
Kentucky ranks fourth among the U.S. states in the
number of farms.9 Eighty-five percent of Kentucky farms
are family-owned and operated.'0 Kentucky's terrain, with
its steep hills, slopes, and sink holes, may increase the
risk of tractor overturns, especially in the eastern portion
of the state. Two studies have documented that tractorrelated fatalities comprise a substantial percentage of the
total agricultural fatalities in the state.7"' Few of the tractors involved in these fatalities were equipped with
rollover protective structures (ROPS). With an estimated
statewide average of 25 to 30 tractor fatalities each year,
Kentucky may contribute as many as 20% of the total
annual farm tractor fatalities in the nation. "
In addition to fatalities, nonfatal injuries resulting
from tractor rollovers, for which limited data exist, are
an important concern. Data from a statewide surveillance effort in Kentucky show that there are at least 83
rollovers per year among male Kentucky farmers ages 5 5
and older, that one out of every nine male farmers ages
55 and older has survived a tractor overturn in his lifetime, and that among those involved in rollovers, one in
five report being injured.'2
Older tractors are less likely to incorporate safety features such as ROPS and seat belts and are more likely to be
used in smaller, family-owned farming operations." 13-15 Surveys from several states suggest that the average age of farm
tractors is between 15 and 20 years, with many working tractors approaching more than 30 years of age. 1'4 Lack of safety
features can make the tractor a hazardous piece of equipment. In addition to ROPS and seat belts, tractors should be
equipped with power take-off (PTO) shields, a safety device
designed to offer protection from the PTO stub and the
front joint of the drive shaft on machinery such as grain
augers and silage blowers, and "slow moving vehicle" signs.
Here, we report on a statewide assessment of the
use of farm tractor safety features on family-owned
A
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farms and characterize the high risk farms most in need
of interventions.
M ETH0 DS

We used data from the Farm Family Health and Hazard
Surveillance Project, an effort to describe agricultural
risks and injuries among farm families in Kentucky
sponsored by the National Institute on Occupational
Safety and Health (NIOSH). A farm is defined by the
U.S. Census Bureau as any place from which $1000 or
more of agricultural products from livestock, crop, or
specialty operations are produced and sold or would
normally be sold during a given year.'0 For the present
study, we defined single proprietor family farms as farms
meeting the U.S. Census definition that are individually
or family owned. This definition excludes farms owned
as partnerships, by corporations, or by institutions such
as governments, universities, or schools.

Sample. The Farm Family Health and Hazard Surveillance Project used two-stage cluster sampling to construct the sampling frame. A brief description follows;
further details can be found in an earlier publication.'6
At the first stage, a sample of 60 counties was
selected from the 120 Kentucky counties using probability proportional to size sampling, where size was the
number of farms in each county based on the 1987
Censits of Agricultuire for Kentucky.'7 Several counties
were excluded before sampling, based on logistical considerations such as the likelihood of cooperation from
farmers, the availability of telephones, and the low density of farms within the county. The farms in the 60
counties in the survey were found to be representative
of the farms in the state as a whole in terms of acreage,
employment status of principal operator, and other
demographic characteristics of the principal operator.'6
A systematic sample of the single proprietor family
farms in each of the 60 counties was selected from a
listing maintained by the Kentucky Agricultural Statistics Service.'8 Within each county, the list of farms was
ordered by size (acreage) and every nth farm was
selected to enumerate approximately 125 farms per
county. The six counties that contained the largest number of farms were oversampled to obtain the desired
sample size for statistical purposes.

Telephone survey. The Farm Hazard and Demographic Enumeration Survey (FHADES) was a short
telephone survey conducted from May through Novem-
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ber 1994 of 9617 farms from the sample. Survey staff
asked farmers about the number of tractors used and
the number that were ROPS-equipped. A total of 8271
farms participated in FHADES, for a response rate of
86%. These farms represented 9.3% of the estimated
88,837 eligible, single-proprietor family farms in the
state. Here we report the results of the survey for 8086
farms (98% of respondent farms) for which complete
data on the variables of interest were available.
To examine regional variation in the distribution of
tractor safety features, we used the climatological
regions of the state (Eastern, Bluegrass, Central, and
Western), estimating farm totals in these regions by
summing the county-level estimates of family farms in
the counties within each region as reported in the 1992
Census of Agriculture for Kentucky.'0 In accordance
with traditional survey analysis procedures,'9'20 we used
the percentages calculated from the FHADES data to
develop estimates of the number of farms by ROPS status for each of the four regions and for the state as a
whole.
We also performed parallel analyses, using the tractor, rather than the farm, as the unit of analysis.
Site visits. Site visits were made from September 1994
through July 1995 to a convenience subsample of 138 of
the 8271 farms responding to FHADES. 16 This sub-
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sample was selected from farms on which at least one
household member was a male age 55 years or older who
actively worked on the farm. An industrial hygienist and
an agricultural engineer from the University of Kentucky
inspected the 259 tractors in use on these farms and
recorded information on the make, model, and year of
manufacture; the presence or absence of ROPS, seat
belts, power take-off shields, and other safety features;
and use of the tractor. The site visitors also subjectively
assessed whether each tractor was in good condition. We
looked at the percentages of tractors with a given safety
feature by the age of the tractor.
Data analysis. We used SAS software for the data analyses, calculating confidence intervals for estimates from
this complex survey using SUDAAN software.2"22 We
analyzed data from the convenience sample of farms at
which on-site inspections were conducted with simple
random sample descriptive statistics using SAS.2'
RESULTS

Selected characteristics of the 8086 farms, by acreage
quartile, are shown in Table 1. A total of 18,113 tractors
were reported on these farms, for an estimated mean of
2.3 tractors per farm.
Almost all (96.3%) of the farms in the sample had at
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least one tractor (Table 2). About half (55.6%; 95% confidence interval [CI] 54.4, 56.7) of the farms with tractors
had no tractors equipped with rollover protection.
Based on a total of 88,837 farms in the state,10 this
extrapolates to 47,515 farms without a single tractor
equipped with rollover protection (Table 2). Another
29.7% had at least one ROPS-equipped tractor but also
had tractors that were not ROPS-equipped. Only 14.7%
were reported to have all of their tractors equipped with
rollover protection.
The majority (63.0%) of the farms in the sample operated one or two tractors. The tractors on 74.7% (95% CI
73.2, 76.3) of farms with only one tractor were not
ROPS-equipped, and neither tractor was ROPSequipped on 58.2% (CI 56.3, 60.1) of farms with two
tractors (Table 3). From these findings, we estimate that
there are approximately 37,318 farms in the state, representing 42.0% of all family-operated farms, with either
one or two tractors but no ROPS-equipped tractors.

Regional variation. The data suggest modest variation
by region of the state with respect to ROPS coverage on
farms with tractors. The western portion of the state had
the best coverage, with approximately 50.2% of the farms
having at least one ROPS-equipped tractor; the eastern
portion of the state had the poorest coverage, with 58.3%
56

5

of the farms operating tractors without rollover protection
(Tables 2 and 3).
Percentages of tractors. We performed additional
analysis with tractors, rather than farms, as the unit of
analysis (data not shown). Based on these analyses, we
calculated that of the estimated 198,007 tractors in use
in Kentucky, 29.2% (95% CI 28.6, 29.9), or 57,884 tractors, are ROPS-equipped. Thus 140,123 tractors (70.7%
of all tractors) currently used on the 85,446 family-owned
and operated farms with tractors are not ROPSequipped. With the tractor as the unit of analysis, the
Bluegrass and Central regions of the state have the lowest
percentages of ROPS coverage.

Age of tractors. The Figure shows the distribution by
year of tractor manufacture and ROPS status for the 259
tractors inspected on 138 farms. The average age of the
tractors inspected was 21.9 years (standard deviation
12.9 years), with a range from one year to 54 years.
Nearly one-half (45%) of the tractors inspected were
manufactured between 1970 and 1984. Of the 259 tractors examined, 26.6% were ROPS-equipped. None of the
tractors manufactured before 1970 were ROPSequipped. An estimated 93% of the 1990-1995 model
tractors were ROPS-equipped, while only 22% of the
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tractors manufactured between 1975 and 1979 were
ROPS-equipped.
Table 4 shows the distribution of safety features by
tractor age categories. Although 79% of the tractors that
were 10 years old or newer were equipped with rollover
protection, only 32% of the tractors in the 11- to 20-yearold category were ROPS-equipped, and none of the tractors that were more than 20 years old were ROPSequipped. Few tractors that were more than 10 years old
were equipped with seat belts, and none of the tractors
older than 20 years were equipped with seat belts. A subjective evaluation of the maintenance and condition of
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the tractor, performed by the industrial hygienist and agricultural engineer, found that nearly 91% of the 10-yearold or newer tractors were in good operating condition
while 53% of the tractors that were older than 10 years
were in good condition. In addition, the majority of older
tractors were missing PTO shields and "slow moving
vehicle" signs.

DISCUSSION
The results of this study suggest that the large majority
of tractors on family-operated farms in Kentucky are
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age in the on-site survey is applicable to all tractors
not equipped with rollover protection. Our data also
operating in the state, we estimate that 48% of tractors
suggest that Kentucky has a lower overall prevalence of
in the state were manufactured before 1975. DetermiROPS-equipped tractors than other states.431 This may
nation of ROPS availability for these older-model tracbe understandable given that other studies included
tors and the trade-offs associated with retrofitting or
farms with larger acreage as well as commercial farms;
for
replacing these tractors need to be considered in policy
our data highlight the potentially greater hazards
decisions regarding retrofitting, replacement, and tracfamily-operated farms in Kentucky and most likely in
tor safety programs.
other states as well.
This population-based study is one of the few large
A primary objective of hazard surveillance is to
survey initiatives to examine the prevalence of rollover
identify populations at highest risk so that intervention
protective structures on a representative sample of
efforts and resources can be appropriately focused. The
family-operated farms. Although the data collected durdata indicate that it is among the smaller farms, typiing the on-site visits to 138 farms may not be generalizcally with fewer than 60 acres and only one or two tracable to all family farms in the state, the percentage of
tors, that the risk associated with the operation of tracROPS-equipped tractors found in the on-site survey
tors without rollover protection is greatest.
(27%) agreed closely with the percentage calculated
Approximately three-fourths of the one-tractor farms
from the FHADES data (29%), suggesting that the visit
and 58.2% of the two-tractor farms in the state do not
have ROPS-equipped tractors.
Figure. ROPS stattus by age of tractor, 259 tractors inspected at 138
Efforts to equip these farms
with at least one ROPS tractor
on-site farm visits
for the more hazardous farm
tasks (mowing on slopes or
20
operating the tractor with
attached equipment such as
I No ROPS
rotary mowers ("bushhogs")
should be encouraged. AddiI ROPS
tionally, farms in the eastern
15
part of the state are least likely
to have at least one ROPSequipped tractor. Because of the
------j
hilly and uneven terrain in this
part of the state, special interyI 10
vention efforts related to tractor
safety should be directed to this
area.
Results of the site visits indicate that farmers in Kentucky are
not voluntarily retrofitting their
5_
older model tractors with rollover
protection. Efforts to encourage
the retirement of older, less safe
tractors may be more successful
than retrofitting programs. Given
0 _l
that the older model tractors are
Pre- 194 5- 1950- 1955- 1960- 1965- 1970- 1975- 1980- 1985- 1990also not fitted with seat belts,
1945 194'9 1954 1959 1964 1969 1974 1979 1984 1989 1995
PTO shields, and other safety
Year tractor manufactured
devices, this approach would
address other safety concerns as
ROPS = rollover proteective structure
well.
If the distribution of tractor
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data approximate the distribution of ROPS-equipped
tractors in the state.
NIOSH has estimated that the current rate of
rollover fatalities would be reduced 71% if all tractors
were equipped with rollover protection.'3 In Kentucky,
this would mean retrofitting approximately 140,
123 tractors. Conservatively estimated, the cost of
retrofitting existing tractors, excluding costs for administration of the program and enforcement, would be
$140 million. Projecting a 10-year time period for a
program to retrofit existing tractors, a ROPS effectiveness of 71%, and an annual tractor-related fatality rate
of 27 deaths per year, we estimated the cost per life
saved to be $731,000. This cost estimate is similar to
figures generated by more refined cost-effectiveness
analyses.4,24
Given the current limited political support for farm
safety regulatory programs, national legislation mandat-

CON TR IBUT IONS'

ing ROPS-equipped tractors is unlikely. Reducing tractor-associated fatalities and injuries will require
statewide and community intervention programs that
encourage the voluntary retrofitting of tractors that can
accommodate ROPS, retirement of older model tractors, and education regarding safe tractor operation and
the importance of farm tractor safety equipment
including seat belts, power take-off shields, and "slow
moving vehicle" signs.
This study was supported by grant U04/CCU406090-07 from the National
Institute for Occupational Safety and Health. The authors thank the
Kentucky Agricultural Statistics Service; Karen Early, MSPH, and Larry
Piercy, MS, for conducting the on-site visits; Richard Kryscio, PhD, for
statistical consultation; Tim Struttmann, MSPH, and Robin Heath, PhD, for
comments on an earlier draft of the manuscript; Carol Koetke for editorial
assistance and Carol Donnelly for assistance in formatting tables and
graphs; Pamela Rao, MA, Scott Novak, MA, and Karen Hill for data entry;
and the Kentucky farm families who participated in the study.

References
I. Murphy D. Safety and health for production agriculture. St. Joseph
(Ml): American Society for Agricultural Engineers; 1992.
2. Etherton J, Myers J, Jensen R. Agricultural machine-related deaths. Am
J Public Health 1991;81:766-8.
3. National Safety Council. Accident facts. 1995 ed. Itasca (IL): National
Safety Council; 1995.
4. Myers J, Synder K. Roll-over protective structure use and the cost of
retrofitting tractors in the United States, 1993. J Agric Safety Health
1995;1:185-97.
5. Goodman R, Smith J, Sikes R, Rogers D, Mickey J. Fatalities associated
with farm tractor injuries: an epidemiologic study. Public Health Rep
1985; 100:329-33.
6. Karlson T, Noren J. Farm tractor fatalities: the failure of voluntary
standards. Am J Public Health 1979;69:146-9.
7. Mouton AJ. The epidemiology of farm machinery deaths in Kentucky:
1982-1992 [master's thesis]. Lexington (KY): University of Kentucky,
Department of Preventive Medicine; 1994.
8. National Center for Health Statistics (US). Healthy people 2000
review, 1992. Hyattsville (MD): Public Health Service; 1993.
9. Morgan KO, Morgan S, Uhlig MA, editors. State rankings, 1998: a statistical view of the 50 United States. Lawrence (KS): Morgan Quitno
Press; 1998.
10. Bureau of the Census (US). 1992 Census of Agriculture. Part 17: Kentucky state and county data. Vol. 1. Geographic Area Series No. AC92
A- 1 7. Washington: Government Printing Office; 1994.
I. Fatal farm tractor-related injuries--Kentucky 1994. MMWR Morb Mortal Wkly Rep 1995;44:481-4.
12. McKnight R, Browning S, Reed D. Survivors of farm tractor overturn: a
profile from Kentucky, USA. Poster presented at the Third International Conference of Injury Prevention and Control; 1996 Feb 18-22;
Melbourne, Australia.

13. Public health focus: effectiveness of rollover protective structures for
preventing injuries associated with agricultural tractors. MMWR Morb
Mortal Wkly Rep 1993;42:57-9.
14. Huizinga M, Murphy D. Farm work injuries in Pennsylvania. Cooperative Extension Circular 370. University Park (PA): Pennsylvania State
University Extension Service; 1989.
15. Purschwitz M, Stueland D, Lee B. Feasibility study of inspection of farm
machinery safety features. J Agromed 1994; 1:29-37.
16. Browning S, Truszczynska H, Reed D, McKnight R. Agricultural injuries
among older Kentucky farmers. Am J Ind Med 1998;33:341-53.
17. Bureau of the Census (US). 1987 Census of Agriculture. Part 17: Kentucky state and county data. Vol. 1. Geographical Area Series AC87-A17. Washington: Government Printing Office; 1989.
18. Kentucky Agricultural Statistics Service. Kentucky agricultural statistics 1995-1996. Louisville (KY): Kentucky Agricultural Statistics Service; 1996.
19. Levy P, Lemeshow S. Sampling of populations: methods and applications. New York: John Wiley and Sons; 1991.
20. Snedecor G, Cochran W. Statistical methods. 7th ed. Ames (IA): Iowa
State University Press; 1980.
21. SAS Institute, Inc. SAS/STAT user's guide. 6th ed. Cary (NC): SAS
Institute, Inc.; 1990.
22. Shah B, Barnwell B, Bieler G. SUDAAN user's manual: software for
analysis of correlated data. Release 6.40. Research Triangle Park (NC):
Research Triangle Institute; 1995.
23. Kidd P, McKnight R, Koetke C. Surveillance of behavioral risk factors
in older farmers: progress report of 6 focus groups. Lexington (KY):
Southeast Center for Agricultural Health and Injury Prevention; 1994.
24. Kelsey T, Jenkins P. Farm tractors and mandatory roll-over protection
retrofits: potential costs of the policy in New York. Am J Public Health
U
1991;81:921-3.

PUBLIC HEALTH REPORTS * JANUARY/FEBRUARY 1999 * VOLUNIE I 14

59

